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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a Schmitt 
trigger circuit which reduces low voltage 
consumption. 

SOLUTION: A signal input voltage VIN is applied to 
P- and NMOS transistors MP1 and MN1 which 
constitute a CMOS inverter 10. Also, the inverter 10 \ 
outputs a signal output voltage VOUT. The drain of a 
3rd NMOS transistor MN3 is connected to a node N2 
which is between the source of the transistor MN1 
and the drain of a 2nd NMOS transistor MN2. A 
control voltage VCT sent from an inverter 1 1 is 
applied to the gate of the transistor MN3. 
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t^Mo s hv^i/*? t y—x \ci&m&<Dm&&w 

os>f * co^a* mx* o x , 

utile cMos^y/w £«t/&-r s 4>ft < £ v ^-r tta* 

?g2eoMOS h7 Vt?* £ fcl-. mfl2S§ 

2COMO S h 7 >"^.X $ \CM bTI*] l^f*^r^/VWS 3 <D 
MOS h7^**&&yaKSHttU 

m 2 (DMO Sh7 > iS* ? LTS9fB«E«:Hl*P U 
tfli2S2(DMOS h7 >*J*9<Otf— h^ttlfSCMOS 

U 

Bfrl5^3COMOS h7^^<oy- hfcHttlBCMOS 
SrB«JP"t-S«fc 5 Lfc£fc*»»fci-5CMOS^w<-- 

wibcmo s w^-^ t»«t < fct^-ma* 

$2(OMOS thK. ffimm 

2 (DMO S h7>^^WLt|^i:f-t^^3(0 

f 20MOS h^V'^^Sr^U-CHdEflffiSrBliPU, 
f|tJiEg5 2<£>MOS h^V^^COy— hiCmJieCMOS 

u 

?|jJfE35 3<Z)MOS h7^^(Oy- HdftiJieCMOS 

(Dm^&jjmjz&AX-rzm 2 <tm >^-* 
im&m 3 ] y — * \zmn t tiL<om&&mn £ p ^ 

aa-rst^fc^, fttjiecMos-r 5 
'>ft< Hv^f^-^os h7^^wy-^ 

(C|j:|^Cft^^2 0MOS h7^^^glt 
^<Dm 2 <DMO Sh7 * LT ffiriEttflEjdSfflAP 

$ttS«t Pl-i"§t<h ffllS^2 0MOS h7^ 

Srlfe^JjrgEJKL. #jf5Sg2<DMOS isitxfW— 
h liiiECMO s >f ^A^^^jSR l, huI2 

B3CDMOS h7>-^^oy- hteHiTfEB 2 C7M >v< 



[^W<oi¥jteftIft^] 
[o 0 0 1 J 

(fclMWfrffi&tf^ V7 h h !i # [sl»lc« 9 , 1$ L < «: 
MIMttMfcfcBofc t U ix^4$tt«r«-t"5 CMO S 

[0002] ift^, «S«miS, ;-H/<yay, md 

B**it»*t8 h7^^l:CMOS-fWW 

k* m^iii^^acMosiniM^^br^^o b 

;h,feCMOS[Hl»<a*fcl#:fcU ^n^>CMOSlHl^S 
[0 0 0 3] 

^/VMOS h7^^ (J^T, PMOS h^v^^ 
£v^) 5 1iNf-v^MOSh7^^ («T. 
NMOS F7y^^ir^p) 5 2 <ha>bft5CMOS 
/fy/^-^ 5 Ote. * CO PMOS h7^^ 5 1 <7>y 

— ^dSisaffivDDco^^^sasBa^L 1 icgaa^ft-o* 

60 X, NMOS F7y^^ 5 20y-^fl ^2<7) 
NMOS b^v^* 5 3£^bT<£®J£ (0/K^b) 
VSS<D?7> KttfflBBflkL 2K:«if&£ih/Ci*5. ^rb 

A*«^pu-»«*ix, fflr*A*«ffiviN*a«ip 

[0 0 0 4] X, CMOS^y/<- ^ 5 O^WfSP 
MOS h7^^ 5 1 <b NMO S h7y^^5 2 CO 

ff#m^«/±V0UT $rW^li-6o WJlEy — KNllCtt^ 
m 2 CO PMOS h7V^^5 4 coy— h^J^$tt"C 

v^-5 0 S2(opmos h7y^^54ft -^coy— ^ 

Sh7y^^ 5 2, 5 3W|(Oy— KN2(dg?«*tbT 

[0 0 0 5] ^LT, fS-^A*fllEEVIN*5L U^</W (V 
SSU^u) (Db%, PMOSF7y^^5 1ij:ty, 
NMOS h7V^^ 5 2li^^. ^2CONMO 

s h7^^ 5 3^^-y brv>5 0 $£ot, y-KN 

l^y-KUIUH^/K HP*?. ft^-m^fSBEVOUT 
(iHU-<^i:^oTl^o 352PMOS h7^^ 
^54 ft* :7<otfcflg-C*>£o 
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[0 0 0 6] «*A2>«£EVINj&SL U-</Wn<bH 

T ttHi^A^feL i/-</Mc:&*>TriSSo ^Lt, fH§- 
fcb^/SJE VOUT # h \"<J\'fr h L U-^/KCil^T^ 9 
»-6«F<0«-§-A*«EEVIN<Z)«EVLH«[EiLTOJ: 5 left 

TJ& S 5*T?* f2(DPMOS h7V^^5 4^7^ 
IBKfcS. lot, mEEVLH^, ^2WPMOS h7> 
^^5 4^<3i<DMOSh7y^^5 1, 5 

2 , 5 3 ^Sfiirc>Jt-eife* So 

[0 0 0 7] — «#A^®EVINd5HU-<>rKOt 
PMOSh7^^5 1lit7, NMO Sh7^ 
5 2te^>\ S2WNMOS h7^^ 

So X, % 2 COP MO S h7^^ 5 4f^^^ffi 
T?feS 0 r.<0B$. S2WPMOS h7y^^54^ 
2G0NMOS h7^^^ 5 3^LTtM^M^ 
ttTl^o 

[0 0 0 8] ^L*C, m^-A^mJEVIN^HU-</^b 

VIN<0«BEVHLtt£JLTO<t5«-*Sc «*W*«EE VOU 

MOS h7>"^^ 5 4^ty«il^So fi£oT. S 
J3EVHU1, 4(l4t©MOSh?y^^5 1, 5 2, 
5 3, 5 4 W^SSl^Jt-OifcS S 0 
[0 0 0 9] W6d»*J;5fc, SffVLH<h®ffVHLf^« 
ffiVHLSr«BEVLH<t?)fi:< b5:v^^cffla$1^:TV^S (H 

8#br) o fct -yht> y tfisiBtefc^y 

[0 0 10] 

avyhhU 2fE]ttW:, fi-^A^mffVIN^H U-</W 
I20NMOS h7^^ 5 3 £f&2CDPMO 
S7^^5 4«CtyU ^2(DPMOSh7y 
v?*^ 5 4 t^2(DNMOS h7^^ 5 3^Lt 
tlK^M^ti^o Sot, ffi-g-A^WEEVIN^HU 
/<M:Bt * tuT v * S ffU, Mffl ft ?B*«ac^jBtt«jt S 

So 

[0 0 11] &&Wft±fd.mMM>&M&:-rZ>tcltoKte£ 

»t-e»»«SE<z)(S«&ias r t<nxz s cmo s-r >- 

r irtcfeSo 
[0 0 12] 



s h7y^^i: y— ^icKsm&omJE^Biin^tbSN 

ft^MOS h7y^^^^^6CMOS>fy^ 

y — ;Mctel^£^--v^A'CDgS2(DMOS h7^^$: 
gagM"S m!fBB2<DMOS h^^^^JC^ 

gasu IMBi^i**^— *<omos F7y^^©y- 
*U:ftfrfBS&2<E>MOS h7^^^*^b"CmIi5SH* 
HWJPU Bflteg§2<OMOS F5y^^oy- bJ-HtrlB 
CMO S >f (DA^ffi^-icA* $ ttSft-^A^m 

li^WL, flfl!2^30MOS h7^v***<£>^H- 

{^mifscMO s * off ^ai^fOJE t 

<7>SEib^&T?foSo 
[0 0 13] »3ftJl2ldffiiffi03893ra:, y-^tc^Ste 

oi&Easfttfni^tts pft^Mos h7y^*i^ 

ffl^"^^MOS h7^^^^^i-^^ 

BiJlS^2coMOS h7^^l^t^i:f-ir^ 
b7y^^^l^MU fiftSBV^tt 

S h?^**&^LTffifB«ffi£W*PU stTlB^ 2 CD 
MOS h?y^^oy- HaffiSSCMOS-Y >v*— ^ 
(DA^W^KA^SHSW-^A^WffiSrHiaib, 1^12^ 
3COMOS h7 l/*?*9<0#*~ M£flfflBCMOS>f 

coif *ffl^«EE*A2r«-SiS 2 co^f 
mjE*^Pi"S J: 9 LfcCMOS-Yy^oll*ft 
r^So 

[0014] BI**3JcE*o»*tt. y-^lciSmtfc 
<D®JE#^P£*iS P^^A-MOS b7V^^^y 

-C«fiSSnfcCMOS-fy/W ^ttJABf 
S h7V^^^V--^(:(iPi:f-t^l2(DMO 

S h?y^^Sr««U 2COMOS h9^^ 

* ^Lt «r82fBJE *SB3*P $ti<5 ct 5 (--TS t^tl^ 
HijgB^2(OMOS h9^**lC»bTrai^**/l'a> 
fg3(OMOS h^^^^SrafeW^ttttU n(f!Bf5 2(0 
MO sh7 % si?x?<D<tf— httfmlECMO S-f >v<— * 
©A^JUfCSSl, mSBt§3^MOS h7 is*?*9<r> 

avyhb y #t«]88£^cD2Sg£-rSo 
[0 0 15] (flsffl) W*«l*c|B«<0«W^J:*ttf* 
«X.tf^2X^3 0MOS h7^^^N^*/V 
MOS h7y^^^, «-g-a*fBffi**HU^/Ud» 
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y a KMJE) ttff-^ W^mff # H L/^yU^ bLU-< 

ffit*oT^Sfc^, CMOS>fy^-^«:i«t5P 
XtW^-Y^A-MOS h7>^^^l2OM0S h7 

SJE (^U^/ >> 3 /U K®JE) lifSONMOSh^^ 
^^*S*^ttffllC*orv^^:«>, gS2&U<!g3<DNM 
OS h7^^irCMOS^f >v<— ^S:««t5PR 
tfN^^A'MOS Y7yi/*?<D*^1&vi<D\kX&;^ 

[0 0 16] ^bid, ft^-A^I«JE^L W<A-£>£ 

[0 0 17] »*3S2(c|B«<D3gM«-J:tt«, «*.tfft 
2&U^3CDMOS h7y^^^Nft^MOS h 

yWcirt>T^«9*&*5^0ft#A^«/E (^UyV3/W 

TdS5*-e»2co>f y^^ia^3(^MOS h7> 

^ P^OTf t^^MO S hy^isx? 

2©MOS F7^^^ty«gi^ltrft4 5o 

>v*-#UlJ: 9 J£ 3 CON MO S h^i^^^^f® 

^ i: cmo s 4 %m$L-rz> P&tW^ y*a-m 

[0 0 18] m-^A^SJE^L U^yWCOt 

T»„ ^3COMOS h^>^;**i&^:7£nH«te?&>k(B; 

^lE^H U^t*S3 (7)MO S h^y^^^VL 
TV^fcPf ^^/HVIOS h7y^^^t7$^t^ 

[0 0 19] tS*«3^IB*(D»M^J;ixtf, flUX-KOg 
2^l3(?)MOS h7^^^N^t^MOS h 

W5*T^2^y^-^ia!)$30MOS h^>- 



^S:i«t5Pftt;Nf + */UMOS h^V^^^^ 

2wmos h7 % si/x?<D*>m t tfc<Dttx&:&z> 0 X, 

3£0NMOS h^v^^a^v^fg 
Id/iotl/^fcfe, f 2M3^)NMOS h^Vi/^ 
^ <h CMO SrtB/S-TS P&tW^^A'M 

OS h ^Vv*** (D^-^irC colt -C&*£ 0 
[0 0 2 0] £61^ fi-^A*mJE* s L l^-</UCOt 

cmo s 4 iss<—# com-^mtim.z^H u^</ut #ot 

tH^/mjE^ L u^/p i:4orS2^ >v<— * ^ cotU 
^IE^h l/^/u^r <9 ^ 3 OMO S h7^^^^ 
yLTV^fcPft^MOS h7>'v ? ^^/5^7Sti 

[0021] 

[^l^o^iSco^ffi] 

[0 0 2 2] Bl tt^Wff^y^Jb^nJtStufcMOS. 

Pft^MOSh7V^^ (SAT* SSIOPMOS 
h7V^^ MPliflONf^MOSh 

7is*J*# (i^Ts IBlONMOS h^^i?** 
5) MNi<h^^fis|^;$Hrv^o Sh7^^^MPi, 
MNlco^r- H^A^ffi^P l m^-Ajjnm 

VltMWMZtlZo X> P5 h^Vv^MPl, MN1CO K 

i^-f VSrJBr-S/- KN 1 fctt, HWrtB^P 2 

*U Rffi*«^P2^&«»a*«flEV0UT ^tti^^tt 

[0 0 2 3] $l(DPMOS h 5 lsi/m/M?\<DV— X 

tt, i*«BEVDD<D^9^«WE»L 1 iciKiKS^rv^ 

^ 0 flcDNMOS h^V^^^MNlCOy— ^f«t, ^2 
WNf-V^MOSh7y^^ (UXT, IJ2CONMO 

-So i2coNMOS v^>iy^^^2<oy— ism 

^vssco^7> wuKBttL 2(casttsnrv^a 0 x> 

$2©NMOS H^>'v ? ^^MN2CQy— hii, Xti^^ 

p 1 lc:»JK$tbft#A*?a:JEEviN^Rn*nStL5. 

[0 0 2 4] ^1 CONMOS h 5 * MM CO V — * 

i:g2(Z)NMOS h7>^^^MN2(D K l^-Y ^ t <Dffl\C 

(^XT, B3C0NMOS h^Vi^^t^?) MN3 
OKWvM^tl^o Jfi3©NMOS h7^ 
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l^6 0 X, ^ 3C0NMO S h7y^^MN30y-hlC 

w*— * <t ltw 1 1 a>a*as 

[00 2 5] -f >v<-* 1 1 tt, *H16»te-e«:. P ^ 

^oA^sma, Btjiey- kn 1 icssc^ttrv^o « 

ot, StJiegS3CDNMOS h7y^^MN3^y- MC 
10 0 2 6] *IWlT*f^, ±J2Lfcv'^ y h 

[0 0 2 7] (A) {f-^A^SJEVIN^L (VSS 
l^/W) cd££, Sl^PMOSh7y^^MPlttt 

MOS h7y^^MN2l^7LTt^ 0 ffiot, / — 

T ttHWiftO, «MW«BEVCTttL l/^t4ot 
V>5 0 X, SOWajEVCT^L ^/K + fc§: <b f5 
3C0NMOS h7yv ? ^^MN3fit7Utl/^ 0 
[0 0 2 8] (B) «-^A^®EEVINdSL 
W^/Hr^b L,fct$, ff-^A^Bff V INri* l u--</U;^ 
bHu-<;McMt5<!r, SlR0 5 S2^NMOS 

l^/Uj^feLl^/M;i&*>Ta s 5. ^<£>B$\ ©JIBSJEV 
CTfSL U^/V^bHU^Wd^:ib±j6S«9 , m3C0NMO 

[0 0 2 9] ^Lt, if ^W^mUVOUT ^HU^/t-^ 

V0UT ?)5H l/-</V^^ 6 l u^yW^i^T^ 5 1 1?, ^3 

"t\ SEEVLHte, |3(?)NMOS h 7 V v** ^ MN3£&& 
<3iOMOS h7y^^MPl, MN1, MN2CO^-Vg 
gi^>lt-C^:^5 0 tLT, w<D«BEVLH«r{&-g-A*«E 
VIN^L l^A-^bH U^/Wc:^b^6 £B$co x B2r>n. 
^ y h h y ^/(HjggCO^ l/yv/g/U K®£VLH1 £*f-5 0 
[0 0 3 0] f¥$-?-S<h, gl 1 COP MO S h7>^^ 
MPlCQ^i/J&Si&rRpL fllCDNMOS h^Vv^^M 
NlCO^VSfti^rRnl, f 2(^)NMOS h7>v ? ^^MN2 
<^^>Sfei$rRn2<t-r^<b, ^ is a ^ K«BE VLH1 

VLHl = (Rnl+Rn2) VDD/ ( Rpl + Rnl + Rn2) 

[00 3 1] (C) it-^A^tElEVIN^H 1^</K£>£ 



MOS h7Vv^^MNlte^>\ S20NMOS h7> 
^^^MN2f^^^LTV^ 0 fi£oT, / — KNICOy — 

K«IEEteL l"</K EP*>{§ ^-m^tlffiVOUT (j:Ll/^ 
SIWffVattH^t'feSo Sot, ©J^ 
®JEVCT^H l/^</UT^^Cl ir^b, K3CONMOS h 
7 >- $ MN3 V^ffg id &> -5 0 

[0 0 3 2] (D) ft^-A^vam VIN/^H Ix^/U^fe L 

tbL\y<MZ&ikrtZ>£, ^lcoPMOS ^7^^^ 
MPlri^^LT^^ffi^mJEEVOUT liLi/^/^bHl^ 

PjL Is^MOLhTfc*) . S3C0NMOS F7^^ 

[0 0 3 3] ^tr, ft-5B-m*fiXE!V0UT fl* l U^/Vd* 

p?H i/^/w^^^i^^^^^n^cDM^A^MJEviNO 
MJEVHLte, WT^J; 5Jd<c6o o £ <9 , fUHH^gJE 
VOUT i/^;u^f>HU-</Wcu^.L^5*"C\ ^3 
6DNMOS h7 V^*MN33ftS7j-VtliHB^fc5 0 t£o - 
t\ ffiJBtVHLfi, ^3<7>NMOS h7y^^MN3^ 
t?4l@co±-CCDMOS h^V^^^MPl, MN1, MN2, 
MN3<75^^ffigt(DJt-e*^5o rLt, rcomHVHL?r 

ft ^A^mjE v in** h u-<a^ b l iy^^cmt-r Z> B# 
1 t-r&o 

[0034] m^-rzt. ^k7)pmos h7^>? 

MPlCO^-VlgfrL^RpK 351CONMOS h^Vi/^^M 
NlcO^-VgJrL^RnU I2WNMOS l>7^v ? ^^MN2 
CO^->-S*rL^Rn2, XtK. JSfJ3(DNMOS b7>i/X<? 

VHL1 

VHL1 - (Rnl + Rx ) VDD/ (Rpl + Rnl + Rx ) 
<h^5 0 fcfcL, Rx =Rn2- Rn3/ (Rn2-fRn3) "C 

[0035] ^(cJifecoJ: 5 JctfffiELfc^SHSJKflioi/ 
(1) **HS»«"ett, «-53-A*«BEviN3ftSL^yw*> 

bH l"</l'lZ&ik'TZ> b%<D*Uyi/x jv YW£ VLHl 

S3WNMOS h 9l^^^MN3S:8ft< 3fflcDMO 
S h7>^^MPl, MN1, MN2^>rVffi:feLCOlt-C** 
£0 — ff-^A;fr®EV]iWH L l"<M£ 

%£ik-fZ)k %<n*\sy ^g/uKflUBEVHLl tt, 3I3cdn 
MOS h7>"^^^MN3^:^^4 flslco^TCOMOS h7 
Vv^^MPl, MN1, MN2, MN3CO?rVftigLOH:-e^* 
5o 

[0 0 3 6] «9 > 

VLHl = (Rnl + Rn2) V])!)/ ( Rpl + Rnl+ Rn2) , 
VHL1 = (Rnl4-Rx ) VDD/ (Rpl-f Rnl + Rx ) 

fcfcL. Rx =Rn2- Rn3/ (Rn2+Rn3) T? 
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[0 0 3 7] VLH1 > VHL1 tftZ> 0 ££oT. 

SVjl h h y #[H]g&li, 12 (a), (b) 

J:5ftt^7y^«tt^$;^itl^ ep*>, S 

3WNMOS ^MN3£rS 2 CONMOS h7> 

* MN2(C&£IJ tcSMffii- £ r t iC J: 9 x * U- y > a A? 
KSffiVHLl U-/v^3/U®JEVLHl (^^f Ltd; *9 i£ 

[0 0 3 8] ( 2 ) ^SaHJBIB-eW:, fl-^-A^SEE VIN 
£S L U-</WO <t £ , Sl^PMOS b^Vv^^MPlri* 
tylt^tl), $l~g3(DNMOS h^Vv^^M 

j£$jft,ftv\ 

[0 0 3 9] X, ff^A^mJSEVIN^HU^/KO^^, 

[0 0 4 0] -^co^m. f&^-A^mffiVIN^HU^/i-X 

[0 0 4 1] (3) *^^f£cOv^ ^ y h h VtfiB)® 
CMOS h7^^<t 0ft5>f W<— * 1 1 S: 

o< 5:i:m5o 

[0 0 4 2] (4) *3afc3»l»-ett. #MOSh7^ 
**MP1, MNl—MN3CD^^-VS&iRpl, Rnl, Rn2, 

, VLHi ^ffiffll^l^Dtfl 

[0 0 4 3] (^2l»i) Rid. *$6WSr*fMbL 
fcB 2 3W»»dov vcH 3 JtVH 4 icS<3^-c»^i- 

td LttO»»tt«l6t5o 
[0 0 4 4] B3 f4**#f y ^±H:»aStlfcMO S 

fo BI3Jcio^r, CMOs-fy^-^i oii, Sico 

PMOS hy^^^MPl^f lWNMOS h^Vi^^ 

INdSH3*n*iX-5« X> Mh^^^^^MPl, MN1COKU 
*f — KN l icfi, BJAW^-P 2d5*«E**L, 

KUA*^P 2d^«*ffl*«JBEV0UT 3&SW^$tt* 0 

[0 0 4 5] Si ONMOS hyVv^^^MNKOy-^ 
IS, KWRBUL 2*dggjKSnrv^So Slop 

MOS b^v^^MPlcOV—;*^ $2£OPft^ 
MOS h7>^^ U^T, S2COPMOS h7^ 



MP2CO Yl"0\cmM£frX^Z> 0 I20PM 

os h7y^^MP2(Dy-^{i, y^^mMM^L l 

|CM^^TV^ 0 X. f 2^>PMOS h7>^^M 

?2<dV- M*. A*«^-P l tt«#A*«ffiv 

[0 0 4 6] Si COP MOS h 7 Vv^^MPlCDV — ^ 
£S2<OPMOS h^Vv^^MP2CO K W >-«bCOF^{C 
fc^y- KN31d«U f 3 0Pft^/VMOS h7^ 
(£AT, S3COPMOS b7V>^^£^5) MP3 

5 0 X, I3WPMOS Vi/^^MP3COy— Hd 

te, ^fy/Wi lcoffi^j^P 3fdS^S£*bT^5 0 

^ot, S3C0PMOS h7^7^MP3^y- Md 

ra, i i icrsdfifflAS^p 2^?>i±j*$ 

#pmJBEvcT£ L-cBWraSftS <£ 9 {dftoTv^ 0 
[0 0 4 7] *HJfi?gflgT*f4, JbIBUfcV»$y h 

hy^fEii5«r**-t-a^roMos F7^^fixy 

[0 0 4 8] (A) ft-^-A^fSHlVJN^L l^yWCD^ 
SlM»2<0PMOS h^V^^MPl, MP2te 
;tf->\ SlCONMOS h7Vv ? X^MN1.^7LTV> 

5 0 ££ot\ / — kn i coy — KfUi/Ettr-iu^/K gp*> 

ff-^ttJ^HJEVOUT ttHW^i^ft 0. BHJWttJEVCm 

&£d<h^b, S3COPMOS Y^l^-J^^MP^^ 

[0 0 4 9] (B) fB*A*WEEVIN*SL 1/^5>H 
iy^Mcmit Lfc £ # . ft #A;trfBEE v jNri* L 
f?H l/^/K-RMb-t-^ <t> glONMOS h^Vi/^^ 
MNlJ&S^"^ UTff -^-W^mJE VOUT f4H U-<yv^b L U 

^Kc^^T^So flHJWfBffivcTttLu^/ud* 

bHl/^H:i^^ S3COPMOS h 7 Z/i?*# 
[0 0 5 0] * LT, W-g-HWiajB; V0UT 

L u^/w{vi55:^T* 5 5 *6«>sn*<0«-g-A*1tffi vinco 

VOUT d^H l^-</Ud»P>L l^^MC^LibT^^^X, S3 
COPMOS h7>^^MP3^^-^r^(C^>-5o t^o 
T> «EVLHtt % S3 COP MOS h 7 V ^ MP3$r^ 
tP4fl§COMOS b^^v^^MPJ, MP2, MP3, MN1CO 
^">-ffigiOitT-ft*So ^UT, rcoH/E VLH^m^*A 

[0 0 5 1 ] P*£-r&£. ffiltONMOS h^^v 5 ^^ 
MNlCO^-^^gt^rRnU Sl^PMOS h^>"i/^^M 
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PKD^-VSSt^rRpK f 2(OPMOS b7^is*fMP2 
^^SSL^rRp2, |3(DPMOS h 7 Vv** ^MP3<D 
^V®fet^Rp3, ^l/yi/g/U KfiH: VLH2 

VLH2 = (Rnl) VDD/ (Rpl+Rnl+Ry ) 

hteZ> 0 fc*TU Ry = Rp2 • Rp3/ (Rp2-fRp3) T* 

[0 0 5 2] (C) fa-^A^«JEVIN^H U-</U<D £ 

2(OPMOS h^Vv^^MPl, MP2fi 
^lONMOS h7V^^MNU^yLT^ 
£0 3£oT, KN 1 <D/ — KSffittL l/^/K IP^> 

ff-^ffi^SJEVOUT teL W-VUt ft «9 , SJAMBEVCTte 

5:^^, f3WPMOS h7 Xv^^MPSte^lK 

[0 0 5 3] (D) ft-^A^®EVIN^HU-</U^ibL 
^/HCSEft It-^A^mJEVIN^H 
hLls^Mz&itl-Zt* SlMS2^)PMOS h7 
^i^^^MPl, MP2dS^*^bTffi-g-ttJ*«BEV0UT L 

CTttHU'<y^bLi^-</Hc:3lfct>T* s 9. SB 3 (DP mo 
s h7^^^^MP3f^^^6^>-o^li(c:ft5o 

[0 0 5 4] tit, fs^-ttS^KJEEVOUT ^LU-<7^ 
P)H1/^;HC4^>±^ 3 *6#£^<Dfi^A;^«JEVIN<D 
WEVHLtt. «T<oJ;5^ftSo ^£ 9 , «-^W^j«E 
VOUT tf*L ^/^&H l/^;H:S*>±^5*-^ IS 3 
(Z)PMOS h7>^^MP3^t7)Ki[Cfc5o t£o 
T, «£EVHLtt, f§3<DPMOS h 7 ^ MP3£B£ 

< 3fflcDMOS h^V^^MPl, MP2, MNlcD^>-ffi 
Si(Dit^*^5o tbt, ^<D«^VHL^jf-^A^«lE 
VIN^H U"<>^£> L l^yM^SMfci"* Wfc>, t%i/=i. ^ 
V b b V JS\B\%&<D* is*y*/a/u KSJBEVHL2 b^tS* 

[0 0 5 5] m&~t2>t. Sl^NMOS h7^^ 
MNlcO^^SK^RnK gU<DPMOS h^Vv^^M 
PlcO^j-^^L^RpK ^2(Z)PMOS H7>v ? ^^MP2 
R P 2, <t-r3t, ^Uy>> 3 /^KmEEVHL 

2 ft, 

VHL2 = (Rnl) VDD/ ( Rpl + Rp2 + Rnl) 
[0 0 5 6] »^±8BOj;5^«^U^*lllf6^«gOV 

(1) *nis»fl8-e«, m^-A^mjEviN^L u-</^ 

£>H <t^(O^U-/v'3/U Kttff VLH2 

ft, 3 CO PMO S by Vv?J^^MP3^^t?4fi^:TCO 
MOS h^^^^MPl, MP2, MP3, MNlCD^^jgtfC 
01tT^^^> 0 — W^A^SffiVINflSHi^/i^fc 
L U^/HCgEft;-^* £ £ <OX U y is 3 >V YWS. VHL2 
fS, I3WPMOS h7^:*^MP3£KK 3i(OMO 
S h^v^^MPl, MP2, MNKO^V^St^tt-C^:^ 
£0 



[0 0 5 7] o£ 9 
VLH2 = (Rnl) VDD/ (Rpl+Rnl + Ry ) , 
VHL2 = (Rnl) VDD/ (Rpl+ Rp2+ Rnl) 
£#5o fcfcU Ry =R P 2- Rp3/ (Rp2+Rp3) t* 

[0 0 5 8] ^It, VLH2 >VHI,2 £&3 0 SfcoT. 
iVa^ yhh y ^/IHIB«, 04(a), (b) KTjk-t 

3 CD P MO S h7y^^MP3^2(DPMOS h7> 

^**MP2Kitt^Jlc&tt'4-£r tic J: 9 , ^ uyi/a/u 
K«JBEVLH2 «r^lxyix 3 yU«EVHL2 LTJ: 9 Bj 

[0 0 5 9] ( 2 ) *J8*JBffiT?tt, {f -^A^?«JE VIN 
^Lu^/ucoirt, il-3i3(OPMOS h7^^ 

MPl~MP3^^-^U-CV^r JfJlONMOS h7^ 

^^MNlfi^7UTV>S 0 3£oT, ^7^maaBffi»L 1 

[0 0 6 0] X, W*A*WffiV]N*SH U^/KDtt, 
^lcDNMOS h^VS^^MNlA'^VL-Cfc, 
I3WPMOS h 7 > ^7; ^MP1-MP3^^7 

5o lot, ^9^«HE»L 1 ^e>^7yK«nai 

[0 0 6 1 ] ^(Oftft, «-53-A*fBSEVIN3ftSHU^/UX 

[0 0 6 2 ] ( 3 ) *Sa63^ffi<Z>^3. ;7bh!J ^(hWS 
-C»i, CMOS h7^^J: 9 4*^^- ^ 1 1 & 

[0 0 6 3] ( 4 ) ^jllfiJKfB^tt, #MO Sh7 > 
^^MP1~MP3, MN10#2j-Vffi&iRpl f Rp2, Rp3, 
RnlcD^ct^ti, h^y^^^r-v^g, 

yi'3/U'HfBEEVHL2 , VLH2 Sr'-iiffl 0 WfcJS CX&O, 

[0 0 6 4] (JB 3 ^JS^fS) RJc. *J8ifl SrAfWt U 

[0 0 6 5] B 5 f4*»»f y T'llcM* JlfcMO S 

h7^^^Jcr*ia$ixfc->* *ybb y^lHlKSr^ 
-r. IS5(c^ov>r, cmos^^wioh Bko 

PMOS h^^^^MPliriJJ] WMOS h7>^ 
*MNl£a>6ffij?fc£;h,-r^&c ^ k 7y^^MPl, M 
Nioy— KU»?P l icffiKiJtt, f,-d-§-A*«Ev 
INd5ppJJD$tb5o X, W h7 Vv^^^MPK MN1COKW 
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-YVSrJS-S-/— KNlfcitt, tib^K^P 2ds««$n. 

Il^NMOS h7^^MNl(?)y^ll S2(7)N 
MOS h7V^^MN2(7) Vl:g^$tltl/^o 
I20NMOS h7y^^MN2(Dy-^ll ^7^F 

7>"v?**MN2co>/- MS. A*«S^P 1 KSJRSix, 
<f -§-A;ft«E V IN^RliD * tt £ 0 
[0 0 6 6] Si WNMOS h7y^^MNltOy-7, 

£>S y KN 2 ICfi, f 3WNMOS>7V^^MN3 
©Ku>r^a8E$ttri>So *3©NMOSh7^ 
^^MN3C0y-^ft^7yKtSEIiL r 2 (dSM^tlT 
V^ 0 X> $3(DNMOS h y >"^^^MN3C0y— H- 

[0 0 6 7] Si COPMOS h7 Vv?X^MPlCOy— -X 
fit. I2WPMOS h7y^^MP2^KWy(cSi 
^ttTV^^o I20PMOS h 7 Vv^^MP2coy — -X 
^7^®aSBS*gL 1 «£*fc3*L-CV*a. X, S20 
PMOS h9>v ; ;*^MP2coy— bte\ A^SSMF-PlU: 
SBR^tt. «-g-A*«ffiVIN^H]jD**xSo 

[0 0 6 8] Si COPMOS h^Vv^^MPlcoy — X 
t$2(DPMOS h7y^^MP20KKy(i:Ofli: 
fe5/-KN3l:ft S3<OPMOSh7V^^MP3 

©KW^SSttSixrv^s. U3opmos h7^ 

So X, S3 COPMOS h 9 >-v^ ^MP3COy— h [C 

[0 0 6 9] ?fe^, ±fEco£ o {cffij&Zftfci'^ $ y h 

h y ^/[H]Kco»)^t-ov>TmP^f So 

(A) flfA^tEVIN^L l~</KDfc§\ $& 1 RlffS 
2COPMOS h^y^^MPl, MP2fi^->, Kixt; 
S20NMOS h^Vv'x^MNl, MN2J2;d-:7 LTV^ 
So ^oT, KN 1 CO/— KBJEteHU^/K BP*> 

tf#W;>J«£V0UT liHK/^/i!), #J»«JEVCTtt 

fc?>:^^, S3copmos h y z/v^ * MP3H^>- 

U S3(DNMOS h7^^MN3f^7Ltl/^ 0 
[0 0 7 0] (B) ffi^A^fflJEVIN/^L l^/l^bH 
l^-</M::£ffcLfci3\ (t^-A^®JEVIN^L U-^A-a* 
e>HU^WtC^fti-S<b, S1MI2WNMOS 
^v^^^MNl, MN2j^>-LT{f^Wyj®£V0UT ttH 

CTteL U-</WC5i:^_h^i9 % ^3 COP MO 

S h7y^^MP3li^y^ibt7, S3CONMOS h 

[00 7 1 ] LT, ft^-W^7®ffiV0UT #H 1^</U;^ 

p> l i"<Mz&hT& r> *&«>sn*<ofs -^A^mff vinco 



sjEVLH«, j^tcoj: 5i-#s 0 o^«9. m^m^m^ 

VOUT l/-</^P>L l/^ic4^>T^5t-e, ^3 

copmos hy>-i/*?MP3&*>'ikm\z&>v) x S3 CO 

NMOS Vv^^^MN2^^^<Xffilc:fcS 0 tot, 
fflEVLHte, S3C0NMOS h 7 yv?7 ^MN3£KK 5 
<@COMOS h^Vv^^MPl, MP2, MP3, MN1, MN2 
CO^-^SfiiCOJtT*ft:^So ^UT. r COHJE VLHSr 
A^fliE VINri* l u-</i^ P> H u-</Hc.^{t:t*S £ B$ 
CO. gr>^ V7 h h y^[H]^CO^U^i/3yUK®EVLH 
3 <hf5o Vtifc-tZt. SICONMOS h7>^^M 
NlcO^-V-SSi^Rnl, S2CONMOS h7^**MN2 
cO^Vjgfet^Rrtf, Si COPMOS h 9 ^MPlco 
^->-Sfii$rRpl> S2C0PMOS h 7>'v^*MP2cO;?^ 
>'}g;6l;£rRp2, l3(DPMOS b7>^^MP3^y 
Sfet^Rp3, ^t5t, ^l^y^3^K1fflEEVLH3W:, 
VLH3 = (Rnl + Rn2) VDD/ (Rpl + Rnl + Rn2 + R 
y ) 

£&So fcfcTL^ Ry =Rp2-Rp3/ (Rp2+Rp3) "C 

[0 0 7 2] (C) ra-BA^fiffiviN^Hu^/uoi: 

Sl^t/f 20PMOS h^V^^^MPl, MP2te 
^"7, Si WI5 2CONMOS h^Vv^^MNl, MN2 

iityLt^2)o ffiot, y — KNicoy— KttEttL 

SlEVCmHl-<^ffeSo t*oT, fMWftffiVCTdS 
HKK^5:^^, R30PMOS h7y^^ 
MP3^^-^, S3C0NMOS h9>-^^MN3ttaJ-^tt 

[0 0 7 3 ] (D) ff#A?JfBflEVINj&*H l^Vl^fe L 
\"<MZ-&ik Istc t % s m-^A^tllHE VIN^h l^</l^ 
6L^/H:f{bt5^ lW!S2(/)PMOS h7^ 
v^^MPl, MP2^^>'Lrjf-?rtH^r« ; lj;H : -V0UT ULU 

fiH u^/L-Ti^fb L U^Mc^:^>T7i 5 !9 . S 3 CO PMO S 
Yy>'i/*? 1 M?2\ttyfrh^y', S3C0NMOS h7 

MN3 ^- e> 7 m * O o 
[0 0 7 4 ] ^tt, «#f!W?HJEE:VOUT U--</l-^ 

bH i"<su\zLft-t>±i!>s Vibtb&v&to-n ^ A^^JE vinco 
«ffiVHLIi, ^TcOJ: 9lci/j:So . «#/±J^mjBE 

VOUT l/-<;v{;3/:^ii^^T\ S3 

COPMOS h 7 ^MP3^t7^!lBI-& ^ , S3CO 

NMOS h 7>^^^MN33&S25-Vttf6tr.fcS 0 Sot, 
SBEVHLtt, S3 COPMOS h 9 V ^ MP3S:Bfe< 5 
fiOMOS h^y^^MPl, MP2. MN1. MN2, MN3 
cO^-V®fetcOJtT-^S 0 tit, r^vUJEEVHL^m^- 

Ayj^EEviN^H u^<ywj^ l i^/Mc.as-ffci-a«f*\ 
i"S 0 

[0 0 7 5] Pi^^S «h % L CON M OS h7 > v 5 ^ ^ 
MNlco^->-^A^rRnU S 2 ONMO S h7^^M 
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N2<D^>1£gL$rRn2 > % 3 ONMO S b 7 ^MN3 
O^&SiSrRnS. glOPMOS h^Vi/^^MPKO 
tf-VfiSiSrRpK S2WPMOS F7^'^^MP2Wt 
^®Si£Rp2. t-fSt. *U 5 ,v' 3 /uK«EEVHL3 

VHL3 = (Rnl+Rx ) VDD/ ( Rpl + Rp2 + Rnl + R 
x ) 

£ft£ e fcfcU Rx =Rn2- Rn3/ (Rn2+Rn3) t? 
[0 0 7 6] ftjC±8B^«t5lC*«Ufc*^JS?gttO^ 

(i) *mnmm-?t±. m^A^mEEvim^L^^ 

&H U^/W;iaEffci"5 ^^l/y^a/l/ KSEEVLH3 
«\ ^3C0NMOS Vv > ^^MN3^^< 5(@COMO 
S hy^^^MPl, MP2, MP3. MN1, M^cO^Vjg 

StoJtT?** £ 0 — fi^A;ft«J£viNasH w</i^ 

bL ls<<M£&i£'tZ>k£<Dai"5r i/a/W KSEVHL3 
f4, f3<DPMOS b^ *MP3*rBfc< 5flS<DMO 

Sb7^^MPl, MP2, MM, MN2, MN3<£>^>-& 

[0 0 7 7] o£«9 
VLH3 = (Rnl+Rn2) VDD/ (Rpl+Rnl4-Rn2+R 
y ) . 

VHL3 = (Rnl+Rx ) VDD/ (Rpl+ Rp24- Rnl+ R 
x ) tJfcSo 

fcfcfU Ry =Rp2- Rp3/ (Rp2+Rp3) x 
Rx = Rn2- Rn3/ (Rn2+Rn3) X*&>% 0 
[0 0 7 8] ttt, VLH3 >VHL3 4rftS« $£oT, 
S^a * y b b y tflMStt, 13 6 (a) , (b) t^-r 
J: 5ft 9 ^Wt«*8:i#"C«5. BP^, US 

[00 7 9] ( 2 ) *SUIi»lB"t?«:, «^-A*«£E vin 
# L U^/KO & # , $l-S3(^PMOS h7>^^ 
MP1— MP3dS^vUTV^rt, ^l-l3^)NMOSh 

£«iffi&tt^£:ixftv\ 

[0 0 8 0] X, fi-^-A^mjSVIN^H 1/^</vcd^ 
^l-S3(ONMOS h^^^^MNl— MN3^S^-vL 
f l-$3(OPMOS h7Vv^-X^MPl~MP3d5 

[0 0 8 1] -^CO^^:. l/^Xf4L l/^WO^f 

(3) ^%mmm<D^^ ^ y b b y cmo 

S b^Vv?*^ i 9 ft6-< >o*— * l l £ran*:fcfc:tf\ 



^Sr^dS-e#-5v-^^ y b b y z>-t& 

[0 0 8 2] (4 ) ^HlfiflJUB-ete, #MO Sh7 >^ 
**MP1 — MP3, MN1— MN3CO^^rV^§:fitRpl, Rp2, 
Rp3, Rnl, Rn2, Rn3<D;*:# £ rJ\ h7^^©f 

6o SE^T, BiJf5^i/^i/3/uKflX£EVHL3 , VLH3 £ 

[0 0 8 3] ft, ±E#±E*IMfi3KJ8-er±, fl^mm 
VCTt>fy/<->l ltCT^Lfc/A m-^A^mJEV 
IN** b fMffWE V CT Jfl ^;i)ci- 6 ffllffil H JEE £j£ ID K 
2ffl^ ^SriBiyiHciBjBcbfclilK) a> 
e>»JW«ffvcr*:tt*&i-^J:5^brt><fcv\ Hot, 

>v«— * l l feKttftv^A/«^igBS«ia*r/h$ < t* 
5^t«#5o WUi, >^ 5 y b b y ^/Isietr^ftfll 

■C#«fc**UfcftS 0 
[0 0 8 4] 

CMOS^y^^iroV^tW^tW^^ ii^JDt" 5 
- 3&S"C& S «t 5 IdttCMO S ^ ^r|g 

[0 0 8 5] »3ft3B3 *CK*<D|8IJf)*C V^v^ 

[g|®coflS*ftIftnj] 

[mi] mi mffixm<Di/zL *yhhv ^0k*rw 

[H 2 ] (a) (b) t±m 1 5 y h h y ^/(Hl^^AW 

[HI 3 ] B 2 jg«6JKffi(D^=L ^ v Y Y y ^/{HlKSrlftM 

[B4] (a) (b) till 3 (O 5 s/ b b y ^/0^^Attj 

[ID 5 ] 35 3 SgJBJKffiw v-rL ^ y b b y ^fm^^rtft^ 

[El 6 ] (aXWriBISflJv'a. ^ y b b y ^IeI^^AW 

[HI 7 ] ^ y b b y ^/IHIS«SrKW-r*la«R 

Ho 

[HI 8 ] tfcfc^v-^ 5 y b b y ^/l«IK^AUJ*»tt*r 

I 0 CMOS-f^-^ 

II ® 2(7D>r U(7)^ *ss<—9 
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MP1 CMOS^fy^-^Mt5$l <^)Pft^ 

MOS h^^i?*? 

MP2 l2WPft^MOS h y 

MP3 $3(DPft^AMOS h7^^ 

MN1 CMOS-T W<-^lr»^t6l 1 ONft^ 

MOS h^Vv^^ 

[il] 



MN2 $2ONft^M40S h^>^;*^ 

MN3 f 3<DNft^M!OS b ^> Vv^^ 

VIN m^AtlfdHi 

VOUT ft-^-tU^Uffi 

VCT W^mEE^: LX<Dmmmj3L 



im2] 



ims) 



1-1 SB&Sft/a^ h h 'i^Wfiffi 



• v 




a i win n wmoh&immwm 
(a) M (b) 



Vhh Vlki 



[03] 



LI 




Vci 



[04] 

(a) u (b) 



V.u Vu 



[i6] 

Vcr (a) (b) 



=^v„ 



[H5] 



LI 



[87] 



V» 



=* Vi. 




VHLJ VU3 
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